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ABSTRACT:
Geographical information systems can be used to increase organizations'
operational efficiency.

The purpose of this paper is to provide an overview of what a

geographical information system is, what it can be used for, and what is needed to
implement GIS technology within an organization.

This paper is largely aimed at

informing an organizational decision maker with information concerning implementing a
geographic information system. This paper discusses many current examples of how
organizations use geographical information systems as well as the future in the
development and use of geographical information systems.
Secondary sources were my main research method for this paper. I discovered
that GIS technology is current playing a major role in the government and utility sectors.
It was also discovered that GIS technology is growing rapidly in the education and
business sectors.
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Introduction Geographical information systems (GIS) technology is " ... the most significant
development in the management of data since the invention of the computer". 12
Geographical information systems allow organizations to display and analyze the spatial
component within their data. This allows organizations to use GIS as an important
decision support tool.
Geographical information systems started out being used for its abilities to create
maps. Rogey Corley stated GIS as, " ... the most exciting technology since the invention
of the map.,,12 However the power of GIS today lies not in its ability to make maps, but
in its ability to analyze the spatial information contained in maps. Geographical
information systems use the computer to process a third kind of data: space. Words and
numbers are the other two types of data processed by computers."

Geographical

information systems are becoming popular in many different organizations involved in
activities such as surveying and mapping, forestry, utilities, transportation, insurance and
finance, retail, and government.i"

The true power of geographical information systems

comes from its ability to link attribute data to spatial data. 12
GIS has traditionally been used primarily in the public sector as well as in the
utility industry. However, there now seems to be a large expansion of geographical
information systems into the business sector. Ninety percent of business data has a
geographical element to it. Therefore, it would seem that GIS should be able to help a
business achieve greater operational efficiency. The three most important capabilities of
GIS from a business user's point of view are its ability to present data, its ability to query
the data, and its ability to perform spatial analysis.12 A huge benefit of geographical
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information systems is that if it is appropriately planned and managed, the data,
technology, and human expertise required for GIS implementation and operation can be
Sh are d

ization-wid e resource.
as an orgamzanon-wi

13

Geographical information systems will see a large growth in the future. The early
success stories of GIS in the 1980s are helping to fuel its growth. These stories have
proved that implementing a GIS will improve the efficiency and effectiveness of an
organization.

13

Definition of GIS It is important to broadly define a geographical information system, because there
are many different things that can be defined as a geographical information system. The
key components that help identify if an information system is a geographical information
system are spatial data, geographic specific software/hardware tools, and a specific
problem or objective.

6

Here are three definitions of GIS that were gathered from different sources:

A geographical information system is a system for capturing, storing,
checking, manipulating, analysis, and displaying data, which are spatially referred
to the Earth.

12

A geographical information system is a collection of data, information
technology, and procedures for collecting, storing, manipulating, analyzing, and
presenting maps and descriptive information about features that can be
represented on maps.

13
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A geographical information system is defined by some, as a set of
software tools that is used to input, store, manipulate, analyze, and display
geographical information.

6

There are many more definitions for what a geographical information system is,
however one can put it simply as an information system that has a spatial data component
to it. A geographical information system will retrieve, view, and overlay database
information on a map. 17
There are two distinctive types of geographical information systems. The first
type is generic. Generic GIS are very complex, most are written with the geographic or
the environmental scientist in mind. Generic GIS typically have over 1000 commands.
For a business user they will not buy a generic GIS, rather they will look for a GIS
package that is tailored to their specific needs.

12

A business user would want the second

type of GIS, proprietary GIS. A proprietary GIS will be more customized and
streamlined to serve a certain purpose. A proprietary GIS is user-friendlier and has many
more business analysis capabilities.

Development The earliest geographical information systems were paper maps and have been in
existence for thousands of years. It wasn't until computers came around that the true
power of geographical information systems was found. Computer cartography emerged
in the 1960s. II This early development of GIS focused on map production and the
automation of the mapping process.

13

The first software applications of GIS technology

4

were used by governmental agencies, such as the local planning authority.V At this time,
geographical information systems had very little if no spatial analysis capabilities.
GIS has evolved from being primarily a presentation enhancement to an important
decision support tool. Such evolved GIS applications involve a great deal of spatial
analysis capabilities.

Geographical information systems have the power to perform many

kinds of optimizing techniques with the data inputted. This data is no longer just
geographical data; instead geographical information systems now include demographic
and socio-economic data among many other types.

Data Data is the raw material of an information system. It is data, which empowers a
geographical information system. Certain types of data needed in a geographical
information system are unique from data needed by other information systems. A
geographical information system will contain both spatial and attribute data. The main
types of data needed in a geographical information system are geographical, demographical, and company specific.
Geographical data is the foundation of a geographical information system. It is
this type of data that enables a GIS to perform spatial analysis. Basic geographical data
such as road networks, administrative boundaries, and the extent of urban areas are
essential for most geographical information system applications.

It is obvious on why a

geographer, archeologist, or transportation authority would need geographical data, but
why would a business user need geographical data? Well, ninety percent of business data

5

has a geographical element to it.12 In business it is vital to know the locations of your
customers, suppliers, and workforce.
Most data used in a geographical information system is derived from census data.
The U.S. government uses census data to create TIGER (topologically integrated
geographic encoding referencing) files. TIGER files cover every street, block, and
address in the United States.16 TIGER files contain political and statistical geographical
area codes, zip codes, housing values, income, and occupational data.12 County level
TIGER files cost only $10. The collection of TIGER files for the entire

u.s. is priced

at

$1,100.16 TIGER files alone won't satisfy most users' of GIS demands. There are a
several companies that will enhance the information of TIGER files for use within a
particular industry. The leading supplier of digitized local road maps is Etak,
Incorporated.

This company enhances TIGER files with local, updated information.

Etak's prices range from around $500 for a single county to $45,000 for the entire United
States.

16

Many other private companies provide data files for input into a geographical
information system. Rand McNally sells economic/demographic

files for forecasting

population, income, and housing trends. These files start at around $750.16 CACI
Marketing Systems sells digital housing and demographic data. Their files of house
values or income distribution for a single state costs under $200.

16

Socio-economic data is widely obtainable, oftentimes from national and local
government, and is usually the product of population surveys and census." Census data
can provide a lot of insight in the decision making process for many organizations.

6

Counts of potential workers within a certain distance of a location, is an example of the
certain types of information that is inside census data."
Many times an organization will need data tailored to fit their specific needs.
There are several companies that will put together an organization's customer data with
geo-demographic

data and produce them with a standard output data file. 12 For less

money than company specific data, an organization can purchase industry tailored data.
CMT has a set of databases it sells for GIS-based products in the retail, automotive, and
finance industries.

4

Once the geographical data is inputted into a geographical information system, an
organization will also have to add its organization specific data to the system. A
company will have to input information, such as the location of their suppliers,
distribution centers, and retail sites. It will also want to input customer information, such
as their location and demand for certain products.
Converting an organization's data into the input files for a geographical
information system is a labor-intensive activity. It can account for up to 80% of the total
geographical information system cost."
If data from existing databases is used for other non-GIS organizational reasons,
the data will have to be inputted into a new file used by the GIS. One of the most
fundamental methods of adding value to data is data linkage'

Standard interfaces, such

as SQL is important for linking data within a geographical information system.

12

If data

linkage cannot occur then the data will have to be inputted manually. If this is the case
then an organization will discover the time and cost of inputting this data will be almost
overwhelming.

7

Geocoding To unlock geographical data requires a code termed geocode to be attached to
each record. This assigns latitude and longitude values to the data.12 Geographical
information systems can perform spatial analysis once the data is geocoded.'
It is obvious that sometimes one latitude and longitude value might not be
sufficient.

Sometimes altitude is also included in geocoding.

And what about a large

city, should it only have one latitude and longitude value? This would give a distance of
zero for any points within the city. A sophisticated geographical information system
might assign many latitude and longitude values to define the border of a city. This
would allow the system to differentiate points within the city.
The data that geocoding assigns to a place can have varying levels of accuracy
depending on its use. For example, the location of a retail outlet will need less accuracy
than the location of a gas pipeline. Most GIS systems will give accuracy results down to
at least 1 meter.12 To acquire different levels of accuracy a geographical information
system will carry the decimal point of the latitude and longitude points out further.
Where does latitude and longitude values come from? Maps are the oldest source,
but the most difficult to use. Many cities and popular sites have their latitude and
longitude values listed in many sources including on the Internet. A global positioning
system (GPS) can be used to accurately gather latitude, longitude, and altitude values
from points that have not yet been recorded.

8

Mapping / Modeling No function of GIS is more important than its function of producing maps. The
backbone of GIS is its ability to display relevant maps to the case under examination.
Putting an organization's

!2

data on a map provides a great advantage to visualize because it

enables the user to see patterns, which are not obvious in the rows and columns of a

spreadsheet." Having information on a map showing items, such as the best sales areas
makes the data quicker to understand.

20

The most important capability for 90% of GIS users is presentation mapping. The
key to presentation mapping is the ability to display attribute data on a map. 12 A set of
spatial entities or layers of elements, that, when combined in an appropriate manner, can
create a map.

13

It is important to realize that many different maps can be produced from

the same data. Therefore, it is vital that the users take caution when setting up the
parameters for their map. There are three different ways to present data. The three ways
are in raster, vector, and object.
Raster is the simplest modeling method. It involves a grid of identically shaped
cells. Each cell will be assigned a unique, single value, which represents the attribute
data for the area of that cell. 6 Following is an example of a raster model.
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The above model is a raster model representation a segment of a city. Each number
unique identifies attribute data. In this model the numbers correspond to attribute data
accordingly:
5 = main roadway
140 = resident (200:::;
population> 500) zone
180 = resident (500:::;
population> 1000) zone
210 = medium commercial zone
240 = heavy commercial zone

Raster modeling is still used heavily in many geographical information systems.
It is not very beneficial for business purposes, however geologist and archeologist can
find raster modeling very effective.
The next kind of modeling is vector. Vector is more complex and requires more
processing power than raster modeling. With vector the data is represented graphically
with the usage of 2 or 3 dimensional drawings. The drawings include dots, lines, and
polygons.

6

10

Object based modeling is the most complex and graphically realistic. It involves
displaying objects that resemble the actual attribute data." Object based modeling will
display the data with 2 or 3 dimensional drawings. These drawings will differ from
vector, in the fact that they will graphically resemble the objects that they represent.
It can be a very lengthy and costly process of inputting the data to create the maps
and models. Map sets alone can cost more than GIS software.i" However, for most
business users, the GIS software they buy will provide adequate maps with the software
package.
If an organization must create their own maps, than the digitization alone of a
single map could take a couple of days to several weeks. Many geographical information
systems will include the need of inputting several to a dozen digitized maps." Electronic
scanning devices can aid in the digitization of maps by converting map lines and points
into digits. 8
Digitized maps can be purchased from other companies. Earth Observation
Satellite Company sells geographical satellite images in raster format. Prices for these
images range from $3,100 to $4,400.16 SPOT Image offers satellite images in
photographic and digital formats for prices ranging from $750 to $3,000.16
Once the maps and attribute data are inputted into a geographical information
system certain functions can be performed on them, such as buffering. Buffering is
defining a zone of influence around a point, line, or polygon. These could involve
showing a radius of two blocks around every ATM machine. Most generic GIS packages
will offer buffering capabilities.P

These aid the decision-maker with more tools to help

them make the most optimal decision.

11

Spatial Analysis The ability to perform spatial analysis on geographic data is one of the most
fundamental reasons for an organization to implement a geographical information
system. It was stated earlier that almost all business data has a geographical element to it.
Therefore, a system that is able to run analysis on this component of the data is of great
value.
Spatial analysis is the true power of GIS. It is the part of a geographical
information system that does the calculating of geographical and attribute data. GIS is
used to make "what if' comparisons.

Linear programming is used for optimization

methods to find the best solution to a stated problem.'

A geographical information

system can perform spatial analysis to find possible locations that meet a user's specific
requirements.

Requirements could range from locations within five miles from an airport

to locations not within 2 blocks of a competitor's ATM machine.
One of the biggest areas of spatial analysis is in the area of travel times. A
common problem for many organizations is how to find the best route from point A to
point B. The capability of geographical information systems to analyze drive time is a
very important tool of GIS. Drive-time databases can be purchased from data agencies;
many GIS applications include such databases as part of their software packages. A
geographical information system can be used to measure distances by either using a
straight line or actual road distance method. Most sophisticated GIS packages have
minimum path algorithms built into them to calculate travel times.

12

GIS application's capabilities with navigational routing and distribution problems
have greatly been enhanced by recent developments in global positioning systems (GPS).

12

The original and largest GPS is the one undertaken by the U.S. Department of Defense.
The essence of GPS is it provides latitude, longitude, and altitude readings for any point
on the Earth. The advent of GPS has had a huge impact on the ship navigation industry. 12
GPS is also starting to playa big role in the automobile industry.

Requirements Geographical information systems require several key items that could be new for
an organization looking into implementing a GIS for the first time. First, a GIS needs a
specific software application.

The organization also needs a great deal of expertise in

GIS software as well as in information systems. A GIS will normally need data that is
not currently available within the organization.

The positive side with implementing GIS

is that most existing hardware machines are suitable for using GIS.12
GIS software is an essential and expensive piece of a geographical information
system. There are many types of GIS software on the market. For a business user, a
proprietary GIS software application customized to their specific needs is preferred over
a generic GIS application. The cost of GIS software applications has been reduced and
runs from $500 to $30,000.13 The proprietary GIS software applications would fall in the
upper portion of this price range.
A great deal of programming skill is required to operate a proprietary GIS
package successfully.'

Since, GIS is a newer technology and the supply of this expertise

is less than that of normal information systems, so one would expect to pay significantly
higher rates for labor of this kind. Many of the GIS software manufactures offer
consulting services as well to help an organization implement its GIS. There are also

13

several consulting companies that offer GIS consulting services. There are a few GIS
systems that require less expertise. Arc View Business Analyst, is a customized GIS
system that requires no previous knowledge of GIS to operate."
Data is the most important part of a geographical information system. For an
organization wishing to implement a GIS it will need to acquire several different types of
data. Geographical data, of course, is required and can be purchased inexpensively and
from many different sources. Depending on what an organization is using its GIS to
achieve it will also need other types of data. If it is using geographical information
systems for marketing purposes than demographic and/or socio-economic data will be
needed. If an organization is using GIS to optimize its supply chain than data concerning
the location and cost of their different sites and shipping cost between those sites will be
needed. The total data cost of a geographical information system, will almost always be
the largest cost and most time consuming process of implementing the GIS.

Current UsesGIS currently provides mapping and analysis capabilities.

So GIS can be used in

a variety of facets. Currently the largest users of GIS are governmental agencies and
utility companies.

A 1992 survey of 1300 utility executives discovered that 86 percent

had GIS projects under way. 12 There is beginning to be large growth of geographical
information systems in the business community.

The business community needs answers

to many questions that begin with "where". GIS answers these types of questions more
effectively than any other information technology."

14

Government has seen a wide variety of uses for geographical information
systems. GIS is used heavily by local government planning authorities and governmental
mapping agencies. The Arizona Department of Transportation uses geographical
information systems to accurately depict real-time traveler information. GIS software
allows the location of traffic accidents, advisories, and road conditions to be incorporated
into detailed maps of the local roadway system.

11

The Bureau of Street Lighting, under

the Los Angeles Public Works Department, is using GIS to optimize their network of
5,000 miles oflighted

streets.

19

Many local government planning authorities use GIS to

help map their sectors in a more accurate way.
GIS is used heavily by the military. The United States military is one of the
largest users of GIS technology in the world. Geographical information systems are also
used by foreign militaries.

The Sweden military uses GIS for production of tactical

situation maps, convoy planning, target analysis, and war game monitoring.

The U.S.

military is one of the largest user of GIS in the world. GeoPres is a geographical
information system developed explicitly for the military?2
GIS has proven to be very cost effective with postal services. Geographical
information systems can perform spatial analysis to find the best routes for postal
deliveries.

Ireland's national postal service is using GIS to help with route planning for

postal deliveries and collections.

1

The utility industry uses GIS to help identify locations of their lines and
resources.

GIS can be used to display more accurate maps of the lines or pipes of the

utility company.

It is important for utility companies to map with a high degree of detail

and accuracy the exact location of their lines or pipes. This enables them to direct their

15

work force in finding the exact location of their lines or pipes. This is especially
important when the lines or pipes are underground.

Utility companies can also run

analysis on their current resources to see if it can supply certain demand requirements.
GIS is used with industries that mine raw materials. The mining sector is using
GIS to analyze the potential of different mining sites.!" GIS is also used in the oil and
gas industry to search possible sources of oil and gas." Geographical information systems
enable mining companies to analyze past locations of raw materials to help identify
possible future mining locations.
Police, fire, and emergency personnel are using GIS to help reduce response time.
"There is an enormous interest in using GIS for public safety and emergency response, "
stated ESRI President Jack Dangermond."

Information such as, addresses, streets, and

nearby fire hydrants can be displayed in a geographical information system. Minutes can
make the difference in many emergency situations. William Winn, director of Beaufort
County's Emergency Operations Center in South Carolina, stated that by using GIS
technology they were able to cut up to one to three minutes form their response time. 9
The banking industry is using GIS to help maximize their market share. Detailed
analysis make evident that market share at the local level is significantly determined by
the location for outlets with respect to local market demand and to competitor locations.'
The Royal Bank of Scotland uses GIS to analyze locations of their branches, cash points,
customers, and the location of their competitors.

1

The real-estate industry is now using GIS. One of the most fundamental purposes
of real estate market analysis is to quantify the relationship between supply and demand
for a given property. GIS can be used to store and manipulate large amounts of data on

16

spatial relationships between supply and demand."

In real estate GIS enables a user to

point to a particular property and open a window showing a photograph of that property
or even a video.

12

This is a nice feature to enable a customer to browse home sites

without travel involved.
Marketing departments of medium-to-large

corporations will find GIS essential in

the upcoming years. Marketing decisions very often have a large geographic dimension
to them.12

GIS provides a great method for optimizing site locations.

The market is

littered with store closures from retail sites chosen with inferior methods.i

If two shops

are equally attractive, shoppers will show a preference for the more accessible shop.
Geographical information systems can store socio-economic details of potential
customers within a proposed area." Since companies target their stores at different
members of society, it is essential to include this socio-economic data in the decision
making process.'

Not only do retail facilities need to be accessible to customers, at the

same time they need to be accessible to the network of facilities that supply their products
and resources.

Information about the competition is also vital when assessing the

potential of a possible site.12 For organizations looking at mass expansion, they will be
faced with an overwhelming task of site location. Taco Bell plans to open 3,000 new
stores over the next five years.'

GIS can help minimize the cost of this process as well as

optimize the decisions they make in this expansion. GIS is also used in locationallocation models to assign sales areas and optimize base locations for a sales force.'
GIS can provide enormous, competitive advantages for an organization'S delivery
and distribution functions. Many GIS packages are targeted at these types of functions.
CAPS Supply Chain Designer is used to model and optimize any type of supply chain. It

17

can help an organization implement their infrastructure design, facility location and
sizing, resource allocation, transportation and inventory strategies, and service level
strategies.

Tim Brown, a consultant who uses CAPS Supply Chain Designer, says,

"We've done strategic network analysis jobs that have found savings ranging from $2
million to $65 million for our clients.,,23 GIS can analyze data such as site and lane cost.
This allows it to answer questions, such as, "What distribution center should supply what
retail sites?".

This type of data also makes GIS valuable for making strategic decisions,

such as if an organization wants to know where to locate a new plant or distribution
center.

GIS as a Decision Support System A decision support system (DSS) is a computer system, which aids a decisionmaker utilize data and models to solve unstructured problems. A DSS is aimed at senior
managers with unstructured, strategic decisions to make. 12 Many times the data needed
to make such decisions is too cumbersome and complex.
A proprietary geographical information system basic function is to help in the
decision making process. Geographical information systems can perform many methods
and create many models with data. This output can aid tremendously in the decision
making process. GIS is used widely in making strategic operational decisions, such as
plant location.

Cost -

18

The cost of implementing a geographical information system can be very
expensive. When investing in any project of substantial size a cost/benefit approach must
be performed.

This has traditionally been the business approach to making a decision on

rather to invest in GIS. With GIS the approach is largely based on a cost reduction
approach in the delivery and distribution industries. If GIS were used in a marketing
facet then one would analyze items, such as profit and market share. 12
The cost of data in a geographical information system represents the majority of
the cost. Data represents about 80% of the total cost of implementing a GIS. 12 Creating
a geographical information system database from scratch can cost as much as $1,700 per
square mile."

This would be for a very detailed and sophisticated geographical

information system.
The cost of GIS software applications has been reduced and runs from $500 to
$30,000.13 An organization will also need to employ experienced geographical
information system users at a substantial cost to manage this software. The positive side
to some software packages is that they will supply some geographical data with their
software package. This will help reduce some of the data cost however geographical data
is the least expensive data input into a geographical information system. The more
expensive data costs arise from the demographic and company specific data.
Several smaller organizations cannot afford to buy a geographical information
system. Leasing a geographical information system is an alternative for smaller
organizations.

Redland, California's Recycling Information Center (RIC) uses GIS to

provide callers with details about area recycling, such as the location of the nearest

19

recycling center to a particular caller. RIC leases a geographical information system and
hardware to operate that system for $34,000 a year. 17

Products The size of the GIS market reached $2 billion in 1992 and by 1997 should reach
almost $17 billion.I2

There is now an enormous range of software, which is labeled GIS

and is available for almost every computer platform. Over 300 proprietary GIS software
packages are available." This growing GIS market has lowered the cost of products and
services as well as led the way for continual improvements in the hardware and software
components of GIS.

8

There are several major players in the GIS market, but no player is quite as large
as ESRI. ESRI provides the very popular ARC products. Arc View 2.1 is a very popular
product that displays geographic data, however it only offers a basic set of drawing and
reshaping tools.

18

ARCIINFO is a more sophisticated geographical information system

produced by ESRI. ARCIINFO has a very robust, spatial processing engine, and all the
tools necessary for moving polygons and rotating data on a map.7
Intergraph Corp. is another leader in GIS products and services in the United
States. Their sales pitch is to add value to an organization's customer service efforts and
increase that organization's operational efficiency. Intergraph offers software, computers,
support, consulting, and training services. Pennsylvania State University uses
Intergraph's

GIS products and services as the foundation for their World Campus GIS

certificate program.

10

20

CAPS Logistics is another major player in the GIS market. CAPS focuses heavily
on the delivery and distribution section of organizations.
and optimize an organization's

Their products set out to model

supply chain network. CAPS also offers services, such as

consulting and training for their GIS products."

Limitations Geographical information systems with its many advantages also have certain
limitations.

The accuracy of data, simplifications made by the system, and inflexibility

are a few of the key limitations of a geographical information system. If an organization
is aware and respects these limitations they will be able to use GIS to increase their
operational efficiency.
The real world is dynamic. For data to be useful it needs to be current with the
real world. Thus a means of continually updating the data within a geographical
information system is vital. 13 No GIS so far has been able to offer users an effective online method for updating spatial data." As with any information system a GIS can only
be as accurate as the data inputted into the system. Like the old saying garbage-in equals
garbage-out, a geographical information system without accurate data will be of no value
to an organization.
To represent reality a simplification of reality must be made. A GIS can never
fully represent real-world events. A user of GIS must understand this, and at times must
supplement the output of a geographical information system with other forms of models
and human instinct. However, as many new types of data is being gathered, geographical
information systems are coming closer in mimicking real-world activity.
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Proprietary geographical information systems are rather inflexible. They are
normally programmed with a limited amount of functions to perform spatial analysis and
display data. However, all the options a particular user may want might not be available
in a geographical information system. A geographical information system is much more
difficult to modify its capabilities than other types of information systems.

Future uses GIS is a rather new technology with a huge future for growth. As organizations
see the benefits that other organizations have gained from implementing geographical
information systems they will be eager to implement GIS within their organization.

GIS

in the past has played a smaller role in the private sector and a much larger role in the
public sector. In the future, a large growth

0

GIS in the private sector is inevitable. In

fact, geographical information systems largest growth over the next decade will be in the
application of GIS into business and industry problems.

12

It is likely that geographical

information systems will become a dominant key tool for strategic planning.
GIS has produced a plethora of new employment opportunities, books, journals,
courses, and even companies.'

All of these areas will continue to see substantial growth

as GIS begins to playa larger role in the private sector.
Trying to understand global change is one of the future uses of geographical
information systems." Using GIS to analyze automobile incident analysis is another
direction GIS is headed." Forecasting is a huge potential future use of GIS. The outputs
of economic and demographic forecast could be used as the inputs to spatial models in a
GIS to develop a complete forecasting system. 2
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It is important to realize with any information system the capabilities of that
system dramatically increase as technology advances. As technology is increasing at an
increasing rate, geographical information systems will see huge advances in their
capabilities.

Also, as the private sector plunges more money into the geographical

information system's industry, more investment can be made to help fuel the research and
development of geographical information systems.
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